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Why Inverse Text Normalization Is Becoming a

Critical Layer in Enterprise AI & MLOps

As voice-driven Al scales across BFSI, healthcare, telecom, transportation and contact centres, the
invisible layer that turns “twenty twenty four” into “2024” is now the single biggest unsolved quality
problem in production ASR pipelines and it’s reshaping how MLOps teams hire, build, and govern.

For most enterprises deploying speech Al in 2026, the model is no longer
the bottleneck. The post-processing pipeline is. And at the centre of that
pipeline sits one of the most underestimated components in modern
MLOps: Inverse Text Normalization.

Every time an Al system converts spoken speech into structured, usable text, an invisible transformation
happens behind the scenes. The Automatic Speech Recognition (ASR) model whether it’s Whisper, NVIDIA
Parakeet, Google’s USM, or a fine-tuned in-house model outputs raw, “spoken-form” text. But humans and
downstream systems don’t want spoken form. They want written form.

That conversion - from “twenty twenty four” to “2024”, from “that will be four fifty dollars” to “that will be
$4.50”, from “call me at five zero nine two double three” to “call me at 5092-33” = is called Inverse Text

Normalization (ITN)

For two decades, ITN was treated as a footnote in the ASR pipeline. In 2026, it has become a board-level
concern.
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Why ITN Has Suddenly Become a Critical Layer

Three converging forces have elevated ITN from a quiet post-processing step into one of the most strategically
important components of enterprise Al:

~70% + $47B+ 300+ 12X

of enterprise speech Al failures global voice Al market by 2030, language and dialect variations cost differential between fixing ITN
trace back to post-ASR text quality every dollar passes through an ITN now require ITN at production at model training vs. in production
issues layer scale

1. The Voice-First Wave Has Arrived

Banks are deploying conversational Al for loan applications. Hospitals are transcribing patient consultations
into EMRs in real time. Contact centres are running Al co-pilots that listen, summarize, and act on millions of
calls per day. Every one of these workflows requires the speech-to-text output to be machine-readable,
structured, and unambiguous. “Three hundred dollars” cannot land in a finance system as those three
words. It must arrive as $300.00. ITN is what makes that possible.

2. LLMs Made the Problem More Visible and Harder

When ASR output feeds into a large language model for reasoning, the quality of the ITN layer becomes
immediately consequential. A loan-processing LLM that receives “approve four point seven five percent for
thirty year fixed” instead of “approve 4.75% for 30-year fixed” may still understand the intent — but the
moment that output needs to write to a structured database, the unnormalized version is unusable. The LLM
doesn’t fix the problem. It propagates it downstream into every subsequent decision.

3. Regulatory and Compliance Frameworks Demand It

India’s DPDPA, the EU AI Act, and emerging financial-services Al governance frameworks all require
auditable, deterministic outputs. Numbers must be numbers. Dates must be dates. Currency must be currency.
ITN is no longer optional for regulated industries — it is a compliance requirement.

What ITN Actually Does - In Plain Terms

ITN is the post-processing layer that converts spoken-form text (the way humans say things) into written-
form text (the way machines and readers need them). It handles entities that ASR models almost universally
output in their verbalized forms:

EXAMPLES — REAL ITN TRANSFORMATIONS

“twenty twenty four” 2024

“three point one four” 3.14

“plus one four one five triple five five zero +1 (415) 555-0172

one seven two”

“four dollar fifty cents” $4.50

“meeting on june fifteenth at three thirty pm” Meeting on June 15 at 3:30 PM
“approve four point seven five percent loan” Approve 4.75% loan
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What looks trivial in five examples becomes catastrophic at scale. A leading Indian BFSI organization
benchmarked recently processes 1.8 million voice transactions per day. A 2% ITN error rate translates to
36,000 broken downstream records - every single day.

Why LLM and ASR Players Are Struggling With ITN

Despite ITN being a “solved problem” in academic literature, every major ASR player in production today -
Microsoft, NVIDIA, Speechmatics, AssemblyAl, Deepgram, and the LLM-native voice platforms — is wrestling
with the same set of architectural and operational challenges. Here’s what HAN Digital sees in our MLOps
engagements:

A\ Challenge 1: Rule-based ITN Systems Don’t Scale Across Languages

Traditional ITN systems use Weighted Finite-State Transducers (WFSTs) - hand-coded grammars maintained by
computational linguists. Building WFST rules for English is a six-month project. Building them for Hindi, Tamil,
Marathi, Bengali, Telugu, and Mandarin simultaneously is a multi-year programme. Labelled spoken-to-written
training data is also extremely scarce outside English, making data-driven approaches difficult.

A\ Challenge 2: Neural ITN Has an Out-of-Domain Problem

Neural ITN models trained on clean text often fail when they encounter actual ASR output, which contains
disfluencies, hesitations, mis-recognitions, and conversational noise. SK Telecom’s 2024 research demonstrated that
neural ITN accuracy drops 15—30 percentage points when moving from clean training data to live ASR output.

A\ Challenge 3: Streaming Latency Constraints

Production speech Al needs ITN to operate in real-time, often with sub-200ms latency budgets. Many neural ITN
models are too large to deploy at the edge, while large WFSTs have unacceptable runtime costs on mobile devices.
Microsoft’s 2022 research on streaming on-device ITN highlights this as one of the most active research areas.

A\ Challenge 4: LLM-based Post-Processing Introduces Non-Determinism

Some teams are now using LLMs to do ITN as a post-processing step. While LLMs handle ambiguous context better
than WFSTs, they introduce three new problems: latency (LLM calls add 300—800ms per inference), cost (LLM-
based ITN can be 50—100x more expensive than WFST), and most critically - non-determinism, where the same
input produces different outputs across runs, which is unacceptable for financial and medical records.

A\ Challenge 5: Domain-Specific Vocabularies Multiply the Problem

A BFSI organization needs ITN to understand IFSC codes, account numbers, EMI structures, currency conventions.
A healthcare provider needs ITN for medication dosages, ICD-10 codes, lab values. A legal firm needs case citations
and statutory references. Generic ITN systems fail at every domain boundary — and customizing them requires deep
domain-MLOps expertise that most organizations don’t have in-house.
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HAN DIGITAL

MLOPS APPROACH

How We Solve the ITN Problem at Production Scale

At HAN Digital, we don’t treat ITN as an afterthought. We position it as a first-class component of the speech AI
MLOps pipeline - engineered, monitored, and governed with the same rigour as the ASR model itself.

o1
Hybrid Architecture by Default

We deploy a layered ITN stack - fast WFST-based grammars for
high-volume deterministic patterns (numbers, dates, time,
currency) + neural taggers for ambiguous context resolution +
LLM fallback only for edge cases. This gives our clients
deterministic outputs where it matters and intelligent flexibility
where it helps.

03

Multilingual Talent at Scale

ITN is fundamentally a linguistic engineering problem. HAN
Digital’s talent network includes computational global native
linguists across English, French, German, Italian, Korean,
Mandarin, Japanese, etc and India languages such as Hindi,
Tamil, Telugu, Bengali, Marathi, Gujarati, Kannada, etc
enabling clients to build production-grade ITN coverage across
India and Asia.

o2
Domain-Specific ITN Engineering

We build custom ITN modules for BFSI (loan terms, IFSC,
currency), healthcare (drug names, dosages, ICD codes), and
legal/contact centre domains - using a combination of curated
rule libraries, multilingual annotators, and continuous learning
loops calibrated on live data.

04
Continuous Monitoring & Governance

Every production deployment includes ITN-specific telemetry:
error rate tracking by entity type, drift detection, hallucination
flagging, and human-in-the-loop sampling for regulated outputs.
Compliance teams get audit trails. MLOps teams get alerting
before quality degrades.

The Four Approaches to ITN - Compared

For MLOps leaders evaluating their ITN strategy, here is how the four primary approaches compare across the

metrics that matter in production:

Approach Accuracy Latency Cost
WEFST (rule-based) High (clean domains)  Very low Very low
Neural ITN High (in-domain) Medium Medium
(transformer)

LLM post-processing  Very high (context-
aware)

Hybrid (HAN Digital)  Very high Low
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High (300-800ms)  High

Determinism Multilingual Scale

100% deterministic Linear effort per language

Mostly deterministic Data-hungry

Zero-shot for major
languages

Non-deterministic

Low-medium Deterministic where it matters  Scales with structured talent
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Why HAN Digital - The MLOps Perspective

The reason ITN remains an unsolved problem at most organizations isn’t that the technology is missing. It’s
that the right combination of multilingual linguistic talent + MLOps engineering + domain
expertise is genuinely rare.

Most pure tech vendors can give you a model. Most pure outsourcing firms can give you annotators. Very few
organizations sit at the intersection - building the rules, the data pipelines, the monitoring infrastructure, and
the multilingual quality layer that production speech Al actually requires.

That intersection is where HAN Digital operates. We bring:

e Computational linguists across 15+ global languages, CJK markets and all India languages + Dialect — for rule
authoring and gold-standard data creation

e MLOps engineers for hybrid pipeline design, latency optimization, and continuous learning loop deployment

e Domain SMEs in BFSI, healthcare, telecom, and contact-centre operations — for vocabulary engineering and
error analysis

e Governance frameworks aligned with DPDPA, HIPAA, and emerging Al compliance standards — built into the
pipeline from day one

ENGAGE HAN DIGITAL MLOPS
Is ITN a hidden bottleneck in your speech AI roadmap?

If your team is wrestling with multilingual ITN quality, ASR-to-LLM handoff failures, or regulatory compliance on
voice outputs - HAN Digital can help you architect, build, and operationalize a production-grade ITN layer. Start
with a 2-week diagnostic engagement. Contact our MLOps practice at contact@handigital.com

The Bottom Line

For the next wave of enterprise voice Al deployments, the model accuracy benchmarks that dominated 2021—
2025 are no longer the differentiator. Every major ASR engine has achieved sub-5% word-error-rate on
benchmark datasets. What separates a production-grade voice Al system from a demo is no longer the model.
It is the layers around the model — and I'TN is the most critical of those layers.

The organizations that treat ITN as a serious MLOps discipline not a one-time engineering task - will own the
next decade of enterprise voice Al. Those that don’t will keep paying for it in compliance findings, broken
downstream records, and frustrated users.

“The model is no longer the bottleneck. The pipeline around the model is. ITN is
where that pipeline either delivers - or fails.”

— Saravanan Balasundaram, Founder & CEO, HAN Digital Solution

HAN Digital Solution - MLOps & Data Advisory

www.handigital.com - contact@handigital.com
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